Purpose: The vertebrate retina contains a circadian clock participating in adaptations to day and night vision. This peripheral clock is independent of the master clock in the suprachiasmatic nucleus (SCN). The retinal clock is located in several cell types, including the photoreceptors. To investigate the role of the circadian clock of the photoreceptor cells in regulation of retinal protein rhythms, we analysed diurnal protein expression in the photoreceptor-deficient cone-rod homeobox knockout mouse (Crx À/À ) and the 129/Sv mouse. Methods: 2D gels were made from retinal homogenates of 129/Sv and Crx À/À mice killed at midday and midnight. Stained gels were analysed by use of PDQuest 2D gel analysis software. After trypsin digestion of differential expressed spots, the proteins were identified by LC-MS/MS using a nano-liquid chromatograph connected to a Q-TOF Premier mass spectrometer. These data were used to search the SWISS-PROT database. Results: Both the retinae of the control and the Crx À/À mice exhibited diurnal proteins rhythms. As expected, proteins involved in phototransduction were not detected in the Crx À/À mouse; in this phenotype, however, proteins from spots showing diurnal rhythms were specifically identified as enzymes involved in glucose metabolism, Krebs cycle, and mitochondrial enzymes. Data are available via ProteomeXchange with identifier PXD005556. Conclusion: We show diurnal protein rhythms in the retina of a mouse lacking the rods and cones. The diurnal protein rhythms in this genotype, lacking the circadian clock of the photoreceptors, might be caused by a circadian clock in other retinal cell types or a direct light input to the retina.
Introduction
In vertebrates, light is perceived by the visual system consisting of the retina, the optic nerves, and the central visual pathways of the brain (Nolte 2002) . The retina has to adapt to the daily light-dark cycle of the ambient light. Thus, during the night the rods and their neuronal circuitry are involved in nocturnal vision, and during daytime the cone system takes over (Palczewski 2012) . This change from night to day vision is a complex process involving both internal retinal circadian oscillators and external cues (Cahill et al. 1991; Tosini & Menaker 1996) and encompasses in changes in the retinal biochemistry (G abriel et al. 2001 ) and physiology (Palczewski 2012) .
Within the last 20 years, it has been shown that the visual system consists of two parts: (1) an image-forming visual system receiving the light using the classical photoreceptors, the rods and cones, and (2) a non-image-forming visual system using a new melanopsincontaining photoreceptor located in the inner retina (David-Gray et al. 1998; Hughes et al. 2012) . The image-forming visual system carries out a number of complex tasks, including the reception of light as well as the identification and categorization of visual objects and assessing distances to and between objects (Artal 2015) . The non-imageforming visual system detects the intensity and change in ambient light in the surrounding environment thereby regulating entrainment of circadian clocks and the response of the pupil to light (Panda et al. 2003) . Further, the melanopsin-containing photoreceptors are mediators of the effect of light on sleep cycles and wakefulness (Hsiao et al. 2013; Pilorz et al. 2016) . The melanopsin-containing photoreceptors, which transmit light in the non-image-forming visual system, are located in a subpopulation of neurons in the ganglion cell layer of the inner retina and contain glutamate and PACAP as neurotransmitters (Provencio et al. 2000; : Hannibal et al. 2000; Purrier et al. 2014) . Electrophysiological recordings from these cells show that they respond to light by electrical firing, contrary to the hyperpolarisation of the membrane potential as seen in the rods and cones (Berson et al. 2002) .
The cone-rod homeobox (Crx) transcription factor plays a pivotal role in differentiation of the classical photoreceptors in the outer retina (Chen et al. 1997; Furukawa et al. 1997) . Targeted deletion of the mouse Crx gene results in failure of a proper development of the light-detecting outer segment of photoreceptors and absence of phototransduction (Furukawa et al. 1997) . In humans, mutations in the Crx gene result in photoreceptor degeneration and congenital blindness such as, cone-rod dystrophy-2 Sohocki et al. 1998) , retinitis pigmentosa (Sohocki et al. 1998) , and Leber congenital amaurosis Jacobson et al. 1998; Sohocki et al. 1998) .
We have studied the non-imageforming optic system of the mouse by use of a knockout mouse (Crx À/À mouse) originally generated by Furukawa et al. (1999) . The retina of this mouse model displays degenerative outer segments of the rods and cones, but has preserved the melanopsin-containing photoreceptive ganglion cells in the inner retina (Rovsing et al. 2010 ). Thus, due to the degeneration of the outer segments, the Crx À/À mouse only possesses the non-image-forming visual system. The Crx À/À mouse exhibits a circadian activity and temperature rhythm that can be phase-changed by light (Rovsing et al. 2010; . However, in the Crx À/À mouse, these rhythms are less robust than in the 129/Sv control mouse (Rovsing et al. 2010) . A major target area of the non-image-forming visual system is the pineal gland. The Crx À/À mouse pineal develops normally, but we have previously reported a broadly modified pineal transcriptome in the pineal gland of this mouse (Rovsing et al. 2011) , including a reduced rhythm in transcripts encoding the enzyme controlling rhythmic melatonin synthesis (Rohde et al. 2014 ).
An increasing amount of evidence suggests that the SCN is not the only circadian oscillator in the mammalian body. Several regions of the brain outside the SCN have the capacity to generate circadian oscillations in neural activity including the retina (Dibner et al. 2010) . However, the cellular localization of the peripheral clock in the retina is still a matter of debate, although strong indications have localized the classical clock genes in the rods and cones (Hiragaki et al. 2014) . Because the Crx À/À mouse is lacking the outer segments of the rods and cones and thereby is lacking the clock genes of these photoreceptors, we have performed a proteomic analysis of the diurnal expression of proteins in the Crx À/À mouse and compared it with the diurnal expression in the wild-type 129/Sv mouse. We show that a diurnal rhythm is present in the retina of both the wildtype and the Crx À/À mouse. This shows that the rod and cones are not necessary for diurnal protein expression in the mouse retina and that these rhythms might be caused by a circadian clock in other retinal cell types or a direct light input to the retina.
Materials and Methods

Animals
Crx À/À mice were provided by prof. Connie Cepko, Harvard Medical School, Department of Genetics, Boston, MA, USA, and further bred at the Panum Institute. The Crx À/À mice were made on a 129/Sv background (Furukawa et al. 1999) . The 129/Sv mice were obtained from Charles Rivers (Sulzfeld, Germany) and used as wildtype controls. The animals were kept in a 12L:12D cycle (light on at 7 a.m. (ZT0)) with food and water ad libitum. All animal experiments were performed in accordance with the guidelines of EU Directive 86/609/EEC (approved by the Danish Council for Animal Experiments).
Tissue collection
To collect tissues, wild-type and Crx À/ À mice (male and female, >2 months of age) animals were anaesthetized with CO 2 and decapitated at 1 p.m. (ZT6; ZT = Zeitgeber time; lights on at ZT0 and lights off at ZT12), and 1 a.m. (ZT18). After decapitation the eye bulbs were removed and transferred to a petri dish with phosphate-buffered saline (PBS). The sclera was incised with a pair of scissors and the retinae removed by dissection and immediately frozen in crushed carbon dioxide and stored at À80°C.
For histology, the eye bulbs from two 129/Sv mice and two Crx À/À mice were removed and fixed by immersion in 4% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4) for 24 hr. For better penetration of the fixative, a 2-mm-long incision of the sclera was made behind the cornea. After fixation, 3 9 3 mm pieces of the retina with the choroid and sclera were removed, and the specimens were the osmicated in 2% OsO 4 in phosphate buffer for 2 hr, block stained in 0.5% aqueous uranyl acetate, dehydrated in an increasing ethanol series and via propylene oxide embedded in Epon Ò . Two-micronthick section were cut on a Leica EM ultratome (Leica Microsystems A/S, Ballerup, Denmark) and stained with 1% toluidine blue in 1% borate.
Sections were photographed in a Zeiss Axiophot microscope (Carl Zeiss Microscopy, G€ ottingen, Germany) equipped with a 910 plan apochromat objective with a numerical aperture of 0.32. The microscope was equipped with an AxioCam HR digital camera connected to the AxioVision 4.4 software (Carl Zeiss Vision, M€ unchenHalbergmoos, Germany). Contrast was adjusted by use of ADOBE PHOTO-SHOP 7.0 (Adobe Systems Software, Dublin, Ireland.
Genotyping
Genotyping was done on tail samples, and the genotypes were identified by use of primers detecting Crx (Furukawa et al. 1999 ) and primers detecting the neo cassette in the Crx À/À mice, which is not present in the wild-type mouse.
2D PAGE of mouse retinae
Two-dimensional (2D) gels were made from the retinae of the 129/Sv mice and the Crx À/À mice at ZT6 and ZT18. Three retinae from three different mice were used for each 2D gel. The tissues were dissolved in 200 ll 3-10 NL lysis buffer [9 M urea, 2% (vol/vol) Triton X-100, 2% (wt/vol) DTT, 2% (vol/vol) IPG-buffer (GE Healthcare, Brøndby, Denmark)] and supplemented with rehydration buffer (8.0 M urea, 2% (wt/vol) CHAPS, 2% (vol/vol) IPGbuffer and 0.3% (wt/vol) DTT) to a total volume of 350 lL. This solution was used to rehydrate precast IPG strips (18 cm; pH 3-10 NL) in an Immobiline DryStrip Reswelling Tray (GE Healthcare) for 20 hr at room temperature. First dimension IEF was performed with the Multiphor II system (GE Healthcare) for 19.5 hr at 17°C using a Multitemp III Thermostatic Circulator (GE Healthcare). The second dimension was performed on polyacrylamide gels (12%T, 3%C). The proteins were visualized by silver staining using the protocol of Mortz et al. (2001) optimized for high-sensitivity protein identification by mass spectrometry (MS). The gels were fixed in 50% v/v ethanol, 12% v/v acetic acid, 0.0185% v/v formaldehyde for at least 1 hr. They were then washed three times for 20 min in 35% v/v ethanol, pretreated for 1 min in pretreatment solution (0.02% wt/vol Na 2 S 2 O 3 -5H 2 O) and rinsed three times for 3 min in water. Staining of gels was performed for 20 min in 0.2% w/v AgNO 3 and 0.028% v/v formaldehyde after which they were rinsed two times for 20 seconds in water. Development was carried out in development solution (6% w/v Na 2 CO 3 , 0.0185% v/v formaldehyde, 0.0004% w/v Na 2 S 2 O 3 5H 2 O) for approximately 3 min and stopped in stop solution (40% vol/vol ethanol, 12% vol/vol acetic acid). Finally, the gels were dried between cellophane sheets and sealed in plastic bags.
Computer analysis of 2-D gel analysis and statistics
2-D gels from night-time and daytime animals were scanned on a high-resolution scanner, saved as TIFF-files and transferred to the PDQUEST Advanced 2-D Gel Analysis Software (Bio-Rad, Hercules, CA, USA). The spots on the gels were matched and quantified and the percentage integrated optical density (%IOD) was obtained for all spots. Quantification of fold change comparing protein expression between night and day were analysed with the PDQUEST software. Spots with volumes differing ≥twofold (Crx À/À ) or ≥three-fold (129/Sv) were excised from the gels for protein identification.
Protein identification with liquid chromatography tandem mass spectrometry
In-gel tryptic digestion was performed as described (Honor e et al. 2008 ). Peptides were identified by LC-MS/MS using an inert nano-liquid chromatography system from LC Packins (San Francisco, CA, USA) connected to a Q-TOF Premier mass spectrometer with a Nano-LC sprayer (Waters, Milford, MA, USA). Data were recorded and processed using MASSLYNX v4.1 software (Waters). Each acquisition was performed for 48 min. with electrospray ionization in positive V mode with normal dynamic range. MS survey scans were performed in continuum format for 1.48 seconds with interscan delay of 0.02 seconds in the range 450-1500 Da. The acquisition was switched to MS/MS mode when the intensity of individual ions was rising above 20 counts per second. MS/MS was performed in the range 50-1800 Da with up to four ions analysed in a single survey scan. The MS/MS scan was stopped after 10 seconds or when the intensity fell below three counts per second. The scan time was 0.98 seconds with inter scan delay of 0.02 seconds. Data format was continuum. Ions with charge state of +2, +3 and +4 were selected with a 4 Da peak detection window. Masses acquired in MS/MS were then excluded for 40 seconds. The raw data files were processed using PROTEINLYNX GLOBAL SERVER v2.5.3 (Waters, Hedehusene, Denmark) using Background Subtract Type: Adaptive, Background Threshold: 35.0% and Background Polynomial: 5. Deisotoping Type: Medium, Iterations: 30, Automatic Thresholds: Yes, Threshold: 3%, Minimum peak width: four channels, Centroid Top: 80%, TOF resolution 10 000 and NP multiplier: 0.7. The generated pkl files were used to search the total SWISS-PROT database (version 2016_10, 552 884 sequences) using the online version of Mascot MS/MS Ions Search facility (Matrix Science, http://www.matrixscie nce.com; Perkins et al. 1999) . For database searches, +2, +3 and +4 charged ions with one or two missed cleavages, a peptide mass tolerance of 20 ppm and an MS/MS tolerance of 0.05 Da were allowed. Searches included one fixed modification of Cys with carbamidomethyl. Contaminating peptides, either environmental or from previous samples, e.g. keratins, trypsin, bovine serum albumin, cingulin, and dermcidin, were disregarded. At least two 'bold red' peptides, each with individual ions scores giving a < 5% probability that the observed match was a random event, was required to qualify as a protein hit. For the protein hits, we report the protein score. Data files were submitted to the PRIDE database (Vizca ıno et al. 2013) using ProteomeXchange (Vizca ıno et al. 2014).
Fig. 1. Photomicrographs of 2-lm-thick section of Epon
Ò embedded retina of the Crx À/À knockout mouse (left photomicrograph) and the 129/Sv mouse (right photomicrograph) stained with toluidine blue. Note the total lack of the rod and cone layer (RC), the thinning of the outer nuclear layer (Onl), and the missing outer plexiform layer (Opl) in the Crx À/À knockout mouse. Ch = choroidea, Gcl = ganglion cell layer, Inl = inner nuclear layer, Ipl = inner plexiforme layer. Bar = 100 lm.
Protein information
Information about the identified proteins and about known and putative biological functions was found in the ExPASy Molecular Biology Database at SWISS-PROT (www.expasy.org) and the National Centre for Biotechnology Information (NCBI, www.ncbi. nlm.nih.gov).
Results
Histology of the retinae: the photoreceptors are degenerated in the Crx À/À mouse
The retinal two-micron-thick sections of the 129/Sv mouse ( Fig. 1) showed the classical 10 layered histology with photoreceptor layer of about 30 lm in thickness and a clearly visible outer plexiforme layer. In the Crx À/À mouse ( Fig. 1) , the retina was thinner and the photoreceptor layer was totally missing. The outer nuclear layer was strongly reduced to a single row of nuclei and the outer plexiform layer not visible.
Differential protein expression in the retina of the 129/Sv mouse
In the gel sets of the 129/Sv control mice, killed at ZT6 (Fig. 2 , upper left gel) and ZT18 ( Fig. 2 upper right gel, a total of about 500 matched spots were detected and 29 spots were either up-or downregulated with a factor 3 or more. We succeeded in identifying 20 peptides from 14 spots. The successfully identified proteins are given in Table 1 . Nine spots with 14 identified proteins were up-regulated at night (spot number: 303 (acidic leucine-rich nuclear phosphoprotein 32 family member A), 1014 (parvalbumin alpha), 1208 (phosphatidylethanolamine-binding protein 1 and peroxiredoxin-2),1415 (phosducin), 2419 (alpha-enolase), 4113 (beta-crystallin B2), 4213 (beta-crystallin B2 and protein ABHD 14B), 6009 (alpha-crystallin A chain, gamma-crystallin B, and histidine triad nucleotidebinding protein 1), 6402 (alpha-enolase and AH receptor-interacting protein).
Five spots with six identified proteins were down-regulated at night (spot number: 717 (brain acid soluble protein 1), 3611 (glutathione synthetase), 6010 (alpha-crystallin A Table 1 ). The proteins identified from spots showing diurnal rhythms were proteins involved in phototransduction, lens proteins, glucose and lipid metabolism, axonal membrane proteins, proteins involved in signal transduction and transcriptional regulation, serum proteins, and anti-oxidants.
The highest up-regulated proteins during night-time were alpha-enolase, important enzymes in glycolysis, and parvalbumin alpha, a regulator of cytosolic calcium ion concentration.
During daytime, the highest upregulated protein spots contained brain acid soluble protein 1, a regulator of gene-specific transcription, and glutathione synthetase, a protein with antioxidative activity.
Differential protein expression in the retina of the Crx À/À mouse
In the gel set of the Crx À/À knockout mice killed at ZT6 (Fig. 2 , lower left gel) and ZT 18 (Fig. 2, lower right gel) , about 600 matched spots were detected. Thirty-one spots were differentially expressed with at least a factor 2. From these, we successfully identified 26 proteins from 22 spots ( Table 2) . Nine spots with 12 identified peptides were up-regulated at night-time (spot number: 0203 (Hsc70-interacting protein), 2702 (78 kDa glucose-regulated protein), 3111 (glutathione S-transferase P and guanosin-3 0 ,5 0 -bis(diphosphate) 3 0 -pyrophosphohydrolase MESH1), 4506 (tubulin), 6511 (dynamin-1), 8111 (cofilin-1), 8206 (peroxiredoxin-1 and Glyceraldehyde-3-phosphate dehydrogenase), 8604 (Glutathione S-transferase P 1), 9004 (Mitochondrial fission 1 protein and Beta-crystallin B1).
Twelve spots with 14 identified proteins were down-regulated at night (spot numbers: 805 (myristoylated alanine-rich C-kinase substrate), 2201 (phosphoglycerate kinase 1), 2303 (creatine kinase B-type and glyoxalase domain-containing protein 4), 2701 (heterogeneous nuclear ribonucleoprotein K), 4812 (dihydropyrimidinaserelated protein 2), 5701 (dihydropyrimidinase-related protein 2), 6106 (alphacrystallin B chain), 8016 (alpha-crystallin B chain), 8207 (glutathione Stransferase P 1 and proteasome subunit beta type-1), 9003 (ribonuclease UK114), 9304 (malate dehydrogenase, cytoplasmic), 9603 (alpha-enolase; Table 2 ).
The proteins identified from spots showing diurnal rhythms were enzymes involved in glucose metabolism, Krebs cycle, and mitochondrial enzymes. Others were proteins involved in synaptic vesicle transport and cell signalling or protein and DNA/RNA metabolism. Finally, some were serum chaperones, structural proteins, and serum proteins.
The highest up-regulated night-time proteins during were glyceraldehyde-3-phosphate dehydrogenase, an enzyme in glycolysis, and peroxiredoxin-1, a proteins involved in protection against oxidative stress.
The highest up-regulated proteins during daytime were glutathione Stransferase P 1, an enzyme playing an important role in detoxification, and proteasome subunit beta type-1, a protein being a part of a multicatalytic proteinase complex.
Discussion
We show in this study a differential diurnal expression of the retinal proteins in both the 129/Sv mouse and also in the Crx À/À knockout, in which the outer segments of the rods and cones are dystrophic. Circadian expression of proteins in the mouse retina has previously been studied by Tsuji and coworkers in the C57BL/6 mouse kept in constant darkness (Tsuji et al. 2007) . In this proteomic study, Tsuji et al. (2007) showed 415 retinal proteins spots of which 11 spots exhibit circadian rhythmicity in their intensities. These proteins were related to vesicular transport, calcium-binding, protein degradation, metabolism, RNA-binding, and protein folding suggesting a clock regulation of neurotransmitter release, transportation of the membrane proteins, and calcium-binding capability. However, no proteins involved in phototransduction were detected.
In this study, approximately 500 matched spots were observed in the 129/Sv mouse of which 29 spots were either up-or down-regulated with at least a factor 3. Twenty different proteins were identified from those spots. None of these identified proteins corresponded to proteins identified in the study of Tsuji and colleagues in the C57BL/6 mouse (Tsuji et al. 2007 ). This may be due to a number of differences between the two studies. We have used wild-type and knockout (Crx À/À ) mice based on a 129/Sv background where Tsuji et al. (2007) used C57BL/6 mice. We have also used a nonlinear pH gradient where Tsuji and coworkers used a linear pH gradient for separation in the first dimension, and finally we have used a silver staining technique with a detection limit in the low femtomolar range (Mortz et al. 2001) , where Tsuji et al. (2007) used Colloidal Brilliant Blue G-250. Further, our time points were phase advanced 2 hr compared to the All identifications are based on the presence of at least two significant peptides. time points selected by Tsuji and collaborators. This was due to our previous investigations of maxima and minima in the day/night variations in the 129/Sv and Crx À/À mouse .
The mouse retina possesses a peripheral clock independent of the master clock in the SCN Tosini & Menaker 1996) . The synthesis of two retinal molecules, melatonin and dopamine, is driven by this retinal clock and plays important roles in retinal light-adaptive biochemistry and physiology (Reme et al. 1991; Tosini et al. 2008) . Thus, melatonin is adapting the retina to night vision and dopamine is adapting the retina to day vision (Green & Besharse 2004) .
In Xenopus and chickens, the circadian clocks driving melatonin rhythms are localized in photoreceptor cells (Besharse & Iuvone 1983; Ivanova & Iuvone 2003 . In mammals, the circadian pacemaker driving melatonin synthesis is located within the neural retina, but the retinal cell(s) containing the circadian oscillators are still unclear.
In the mouse, clock gene expression has been located in the classical photoreceptors (Gekakis et al. 1998) but studies have also indicated their presence in neurons of the inner retina (Gustincich et al. 2004; Ruan et al. 2006) , especially the amacrine cells (W€ aessle et al. 1993) . The complexity of the clock in the retina is also supported by studies on cultured isolated retinal layers, e.g. the ganglion cell layer, the inner nuclear layer, and the photoreceptor layer, showing the presence of endogenous oscillators in all three layers; these exhibit different rhythms but are connected via retinal gap junctions (Jaeger et al. 2016) .
Our data obtained in this study of the Crx À/À knockout mouse show that diurnal retinal protein rhythmicity is not dependent on a clock in the classical photoreceptors. Therefore, the clock components must be located outside the rods and cones or the diurnal protein rhythms might be generated without the use of a circadian retinal generator and possibly be generated by a direct input from of the ambient light. This is supported by the fact that retinae from double knockout mice lacking the rods and cones as well as the melanopsin cells in the retina can be entrained by light (Buhr & Van Gelder 2014) .
It is also of interest that pathophysiology in areas outside the circadian system can influence circadian activity. Thus in a paper by Richardson et al. (2016) , it is shown that the Hexb knockout mouse (Hexb À/À ), which is a model for the lysosomal storage disorders Sandhoff-Jatzkewitz disease, exhibits slightly shortened free-running period in spite of the presence of a normal retina and SCN.
Two proteins involved in the classical phototransduction, parvalbumin and phosducin, were up-regulated at night in the wild-type 129/Sv mouse. The daily switch from rod-mediated to cone-mediated vision is accompanied alterations of retinal circuits and biochemistry. Parvalbumin is a calciumbinding protein located in retinal mouse ganglionic cells, amacrine AII cells, bipolar and horizontal cells (Sanna et al. 1993; W€ aessle et al. 1993; G abriel et al. 2004 ). An upregulation of parvalbumin in the amacrine AII cells might adapt the retina to night vision, because this cell is a part of the retinal circuitry from the rods. In addition, parvalbumin buffering of calcium ions in this cells, would results in a decreased cell-to-cell coupling, which is low in absolute darkness (Bloomfield et al. 1997) .
Phosducin is a soluble phosphorylated G-protein regulator located in the inner and outer segments of the rods (Hawes et al. 1994) . When phosducin binds to the beta and gamma subunits of the G-protein, transducin, in the rods, the alpha-subunit will stay active longer and prolong the phototransduction. Phosducin was not detected in the Crx À/À mouse in accord with the lack of mature classical photoreceptors in this knockout mouse. Our data are also in accord with microarray hybridization studies of the retinae of Crx À/À -and C57Bl/6-mice showing a phosducin gene expression ratio of 1.7 between the Crx-positive and Crxnegative mice on the mRNA level (Livesey et al. 2000) .
The lack of expression of parvalbumin and phosducin in the Crx À/À mouse also support earlier electroretinographic studies showing that no rod or cone photoreception takes place in this genotype (Furukawa et al. 1999) in spite of the fact that the rods and cones are not totally absent, but have dystrophic outer segments (Morrow et al. 2005 ). The proteins exhibiting day/night variations in the retina in our study are not directly related to the core clock genes in the molecular machinery of the SCN or the retina. However, retinal dopaminergic amacrine cells contain core clock proteins, and light-induced dopamine release from these cells results in phosphorylation of phosducin .
Diurnal changes in proteins contained in the lens were observed in both genotypes. In some protein spots of the 129/Sv mouse, we detected more than one protein. In those cases, we cannot be certain which of the proteins are responsible for the concentration change of the spot. If one of the proteins is identified with several more peptides than the other proteins, it might be assumed that this protein is present in higher concentration than the others and therefore predominantly responsible for the observed concentration change of the spot. Also, the interpretation needs to take into account whether the proteins identified represent whole proteins or merely fragments of the proteins by comparing the observed molecular masses with the deduced molecular masses. For example, crystallins were found to migrate in several spots in the wildtype mouse. All the other spots migrate with molecular masses below indicating that they represent fragments of the protein. The crystalline family of proteins are water-soluble structural proteins found in the lens and the cornea of the eye accounting for the transparency of these anatomical structures (Jester 2008) . The functional explanation for the complex diurnal rhythm in these proteins/protein fragments is enigmatic. It must be emphasized that some of the proteins also have a chaperone activity (Reddy et al. 2006) .
It is of interest that structural proteins, like tubulin, were found to be up-regulated at night-time in the Crx À/À mouse and participates in a diurnal retinal cycle. Tubulin is the major molecular component of the microtubule, which belongs to the cytoskeleton of the cell but also participate in intracellular transport of secretory vesicles and organelles. We have in an earlier proteomic study of the rat pineal gland seen up-regulation of the vimentin, which is a part of intermediate filaments (Møller et al. 2007) .
Circadian rhythms control a wide variety of physiological events, including the metabolism, in all organisms (Eckel-Mahan & Sassone-Corsi 2009). One molecule, NAD + (Nicotinamide adenine dinucleotide), plays a central role in both metabolism and circadian rhythmicity. NAD + is used during glycolysis and the Krebs cycle and converted to NADH, which then is used in the electron transport chain for making ATP. Recent data reveal that NAD + levels oscillate with a 24-hr cycle, a rhythm that is driven by the circadian clock via a direct interaction of the circadian clock proteins and nicotine amide mononucleotide phosphoribosyl transferase, and enzyme involved in the synthesis of NAD + (Nakahata et al. 2008) . It is therefore not surprising that we in our study show day/night variations in several enzymes involved in glycolysis and the Krebs cycle.
The retina is highly sensitive to ischemia and hypoxia, the pathophysiology of which has been implicated in several retinal diseases (Stef ansson et al. 2011) . In this study, we observed a differential day/night expressions of proteins involved in an antioxidative function in the 129/Sv and Crx À/À mouse. Most of these proteins exhibited the highest expression at night-time, but the expressed proteins varied between the species. Melatonin synthesized by both the pineal gland and the retina is an antioxidative molecule (Reiter et al. 2016) . The night-time high expression of antioxidative proteins is in discord with investigations showing that light exposure increases retinal oxidative stress (Saenz-de-Viteri et al. 2014) . However, the lack of photoreceptors, which are highly sensitive to oxidative stress, in the Crx À/À mouse might influence the expression pattern of the antioxidative proteins in this species.
In summary, our study shows that retina of the Crx À/À knockout mice with degenerated rods and cones are lacking important proteins involved in the phototransduction process. Further, the retina of the Crx À/À knockout mouse expresses diurnal protein rhythms. This diurnal protein expression in the Crx À/À mouse retina might be caused by a circadian clock in other retinal cell types or a direct light input to the retina.
